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(57) ABSTRACT

A nonvolatile semiconductor memory device 1s formed 1n
which data in the form of electrons trapped in the silicon
layers directly on the source and the drain respectively can
hardly be lost or replaced with other data. The semiconduc-
tor device has a memory transistor includes a drain and a
source, an 1nsulating layer, and a gate electrode. The drain
and the source are formed 1n an upper region of a semicon-
ductor substrate. The insulating layer, which has an area
interrupting the electron migration arranged 1n a particular
region thereof between the drain and the source for inter-
rupting the electron migration, 1s formed between the drain
and the source. In addition, the gate electrode 1s formed on
the 1nsulating layer.

2 Claims, 10 Drawing Sheets
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Fig.13  (PRIORART)
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Fig.14A (PRIOR ART)
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1
NONVOLATILE SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
such as a nonvolatile semiconductor memory device.

2. Description of the Prior Art

A conventional nonvolatile semiconductor memory
device includes, as shown i FIG. 13, a drain 7 of n+
diffused layer and a source 8 of n+ diffused layer both
formed 1n an upper region of a silicon substrate 1. Also, a
gate insulating layer 5 1s formed between the drain 7 and the
source 8. As a gate electrode 21 1s formed on the gate
insulating layer 5, the overall arrangement constitutes a
memory transistor. Isolating oxide layers (Local Oxidation
of Silicon: hereinafter referred to as LOCOS) 6 are formed
over the drain 7 and the source 8 respectively. The gate
insulating layer 5 1n each memory transistor i1s disconnected
over the isolating oxide layers (LOCOS) 6. The gate insu-
lating layer § has a multi-layer (Oxide layer/Nitride layer/
Oxide layer: hereinafter referred to as ONO) structure
consisting mainly of a silicon oxide layer 2, a silicon nitride
layer 3, and a silicon oxide layer 4. The nonvolatile semi-
conductor memory device of this type 1s generally known as
an n-channel MOSFET (hereinafter referred to as NROM)
(Boaz Eitan, et al., “Can NROM, a 2 Bit, Trapping Storage
NVM Cell, Give a Real Challenge to Floating Gate Cells?”,
Extended Abstract of the 1999 International Conference on
Solid State Devices and Materials, Tokyo, 1999, pp.
522-523 and U.S. Pat. No. 5,768,192).

The writing to the nonvolatile semiconductor device
(NROM) will be now explained by referring to the relevant
drawings. Memory transistors in the nonvolatile semicon-
ductor device may be operated 1n two modes where data 1s
recorded 1n the form of charges trapped in the silicon nitride
layer 3 just above the drain 7 (the memory of Bit A) and in
the silicon nitride layer 3 just above the source 8 (the
memory of Bit B).

The memory of Bit Ais explained. Referring to FIG. 14A,
while the silicon substrate 1 1s grounded and the drain 7, the
source 8, and the gate electrode § are fed with 5V, 0V, and
10 V respectively, channel hot electrons are 1njected into the
silicon nitride layer 3 directly on the drain 7. The 1njected
clectrons are trapped in the silicon nitride layer 3 at its
trapping level. The trapping of electrons at the trapping level
1s referred to as the writing of Bit A. For writing of Bit B,
while the silicon substrate 1 1s grounded and the drain 7, the
source 8, and the gate electrode 5§ are fed with 0 V, 5V, and
10 V respectively as shown in FIG. 14B, channel hot
clectrons are injected into the silicon nitride layer 3 directly
on the source 8. The injected electrons are trapped at the
trapping level 1n the silicon nitride layer 3. The trapping of
clectrons at the trapping level is referred to as the writing of

Bit B.

In a conventional nonvolatile memory, data 1s stored in
the form of electrons trapped in the silicon nitride layer 3
directly on the drain 7 or the silicon nitride layer 3 on the
source 8. However, when the electrons trapped 1n the silicon
nitride layer 3 directly on the drain 7 migrates 1n the silicon
nitride layer 3 and are moved close to the source 8, the
density of electrons trapped 1n the silicon nitride layer 3 on
the drain 7 will be decreased and thus data of Bit A will be
lost. Stmultaneously, data of Bit B in the source 8 may be
replaced. Also, a reverse of this phenomenon will take place.
More specifically, data of Bit A may be replaced by data of
Bit B or vice versa or lost.
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2
SUMMARY OF THE INVENTION

Therefore, it 1s an object of the present invention to form
a nonvolatile memory semiconductor device where data 1n
the form of electrons trapped 1n the silicon layer disposed
directly on the source or the drain can hardly be lost or
replaced by another data.

In accordance with one aspect of the present invention,
there 1s provided a semiconductor device including a drain
and a source, an 1nsulating layer, and a gate electrode. The
dramn and the source are formed m an upper region of a
semiconductor substrate. The msulating layer 1s formed on
and between the drain and the source on the semiconductor
substrate. The gate electrode 1s formed on the insulating
layer. In addition, the insulating layer has an area arranged
between the drain and the source at least on a channel region
for mterrupting the electron migration. The area may be
called as the area interrupting the electron migration.

In other aspect of the present invention, the area inter-
rupting the electron migration extends on the channel region
in parallel with the both drain and source.

In further aspect of the present invention, the insulating
layer has a multi-layer structure consisting mainly of a
silicon oxide layer, a silicon nitride layer, and another silicon
oxide layer.

In another aspect of the present mvention, the area mter-
rupting the electron migration includes a hydrogen injected
region.

In a further aspect of the present invention, the area
interrupting the electron migration includes a fluorine
injected region.

In a still further aspect of the present invention, the area
interrupting the electron migration comprises the silicon
nitride layer extending discontinuously and the silicon oxide

layer filling the discontinuous portions 1n the silicon nitride
layer.

In accordance with one aspect of the present invention,
there 1s provided a method of manufacturing a semiconduc-
tor device including the following steps:

S1: forming a drain and a source 1n an upper region of a
semiconductor substrate;

S2: forming an insulating layer on and between the drain and
the source on the semiconductor substrate;

S3: forming an area interrupting the electron migration 1n
the msulating layer at least on a channel region between
the drain and the source for interrupting the electron
migration; and

S4: forming a gate electrode on the insulating layer.

In other aspect of the present invention, there 1s provided
a method of manufacturing a semiconductor including the
following steps:

S5: forming an insulating layer on a semiconductor sub-
strate;

S6: forming a mask layer (e.g. silicon nitride layer) on the
insulating layer

S’/: patterning the mask layer;

S8: etching the 1nsulating layer to form at least two apertures
by using a pattern of the mask layer;

S9: i1mplanting 1ons into the semiconductor substrate
through the two apertures 1n the insulating layer to form
injected regions 1n an upper region of the semiconductor
substrate;

S10: heating and oxidizing the upper region of the semi-
conductor substrate through the two apertures to form
1solating oxide layers;
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S11: forming oxide layers on the 1solating oxide layers to fill
up the two apertures;

S12: removing the mask layer (e.g. silicon nitride layer) to
leave desired portions of the oxide layers on the 1solating,
oxide layers;

S13: forming side walls around each portion of the oxide
layers on the 1solating oxide layers;

S14: 1implanting 1ons 1nto an exposed region of the msulating
layer between the two side walls to form an 10n 1njected
region; and

S15: forming a word line on the exposed region of the
insulating layer.

In further aspect of the present mvention, the step of
implanting an 1on 1jected region employs hydrogen 1ons to
be 1mplanted.

In another aspect of the present invention, the step of
implanting an 1on 1njected region employs fluorine 1ons to be
implanted.

In an aspect of the present invention, there 1s provided a
method of manufacturing a semiconductor device mcluding
the following steps:

S5: forming an insulating layer on a semiconductor sub-
strate;

S6: forming a mask layer (e.g. silicon nitride layer) on the
insulating layer;

S’/: patterning the mask layer;

S8: etching the msulating layer to form at least two apertures
by using a pattern of the mask layer;

S9: implanting 10ons into the semiconductor substrate
through the two apertures in the insulating layer to form
injected regions 1n an upper region of the semiconductor
substrate;

S10: heating and oxidizing the upper region of the semi-
conductor substrate through the two apertures to form
1solating oxide layers;

S11: forming oxide layers on the 1solating oxide layers to fill
up at least two apertures;

S12: removing the mask layer (e.g. silicon nitride layer) to
leave desired portions of the oxide layers on the 1solating,
oxide layers;

S13: forming side walls around each portion of the oxide
layers on the 1solating oxide layers;

S16: etching an exposed region of the insulating layer
between the two side walls;

S17: filling the etched region of the msulating layer with an
oxide layer; and

S18: forming a word line on the oxide layer applied.

In other aspect of the present mvention, the insulating
layer has a multi-layer structure consisting mainly of a
silicon oxide layer, a silicon nitride layer, and another silicon
oxide layer.

According to the semiconductor device of the present
invention, there 1s a semiconductor device having an arca
interrupting the electron migration arranged 1in a channel
region of the msulating layer above an intermediate between
the drain and the source. As electrons trapped in the silicon
nitride layers directly on the drain and the source are
inhibited from migrating, bit data stored in the drain and the
source can remain securely held without being lost.

According to the semiconductor device of the present
invention, the area interrupting the electron migration
extends on the channel region 1n the 1nsulating layer which
extends 1n parallel with both the drain and the source. This
arca 1nhibits electrons trapped 1n the silicon nitride layers
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directly on the drain and the source from migrating.
Accordingly, bit data stored can remain held without being
lost.

According to the semiconductor device of to the present
invention, the insulating layer has a multi-layer structure
consisting mainly of a silicon oxide layer, a silicon nitride
layer, and another silicon oxide layer. Accordingly, the
insulating layer can have stable properties.

According to the semiconductor device of the present
invention, the area interrupting the electron migration is a
hydrogen 1on 1njected region. This areca inhibits electrons
trapped 1n the silicon nitride layers directly on the drain and
the source from migrating. Accordingly, bit data stored can
remain held without being lost.

According to the semiconductor device of the present
invention, the area interrupting the electron migration is a
fluorine 10n injected region. This area inhibits electrons
trapped 1n the silicon nitride layers directly on the drain and
the source from migrating. Accordingly, bit data stored can
remain held without being lost.

According to the semiconductor device of the present
invention, the area interrupting the electron migration
includes the silicon nitride layer extending discontinuously
and the silicon oxide layer filling the discontinuous portions
in the silicon nitride layer. This silicon oxide layer inhibits
clectrons trapped 1n the silicon nitride layers directly on the
dramn and the source from migrating. Accordingly, bit data
stored can remain held without being lost.

According to the method of manufacturing a semicon-
ductor device of the present invention, it may be provided by
forming an area interrupting the electron migration in a
channel region of the insulating layer above an intermediate
between the drain and the source for interrupting the elec-
tron migration. Accordingly, bit data stored can remain held
without being lost.

According to the another method of manufacturing a
semiconductor device of the present invention, it may be
provided by forming an area interrupting the electron migra-
tion by 1on implantation in the insulating layer between the
dramn and the source at least on the channel region for
interrupting the electron migration. Accordingly, bit data
stored can remain held without being lost. In this method, as
the side walls are formed, an exposed region of the insulat-
ing layer between the two side walls can accurately be
injected with 1ons for forming the area interrupting the
clectron migration. This permits the channel of the transistor
to be decreased in the length thus contributing to the down
sizing of the memory cell.

According to the method of manufacturing a semicon-
ductor device of the present invention, the area interrupting
the electron migration 1s formed by doping hydrogen 1ons.
This area inhibits electrons trapped in the silicon nitride
layers directly on the drain and the source from migrating.
Accordingly, bit data stored can remain held without being
lost.

According to the method of manufacturing a semicon-
ductor device of the present invention, the area interrupting
the electron migration 1s formed by doping fluorine 1ons.
This area inhibits electrons trapped in the silicon nitride
layers directly on the drain and the source from migrating.
Accordingly, bit data stored can remain held without being
lost.

According to the further method of manufacturing a
semiconductor device of the present invention, a discontinu-
ous region of the silicon nitride layer in the insulating layer
1s arranged by filling with the silicon oxide layer for forming
the area mterrupting the electron migration. This areca inhib-
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its electrons trapped 1n the silicon nitride layers directly on
the drain and the source from migrating. Accordingly, bit

data stored can remain held without being lost.

According to the method of manufacturing a semicon-
ductor device of the present invention, the insulating layer
has a multi-layer structure consisting mainly of a silicon
oxide layer, a silicon nitride layer, and another silicon oxide
layer. Accordingly, the insulating layer can have stable
properties.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional view of a semiconductor device
showing the first embodiment of the present mvention;

FIG. 2 1s a cross sectional view of a gate insulating layer
and a silicon nitride layer formed 1n this order on a silicon
substrate according to a method of manufacturing the semi-
conductor device of the first embodiment of the present
invention;

FIG. 3 1s a cross sectional view of the silicon substrate
exposed partially with etching according to the method of
manufacturing the semiconductor device of the first embodi-
ment of the present invention;

FIG. 4 1s a cross sectional view of 1solating oxide layers
formed by thermal oxidation after a injected region formed
by 1on implantation according to the method of manufac-
turing the semiconductor device of the first embodiment of
the present mvention;

FIG. 5 1s a cross sectional view of a thick silicon oxide
layer formed by Low pressure CVD method according to the

method of manufacturing the semiconductor device of the
first embodiment of the present mvention;

FIG. 6 1s a cross sectional view of the silicon nitride layer
planarized by chemical mechanical polishing and etched
back to leave 1ts portion according to the method of manu-
facturing the semiconductor device of the first embodiment
of the present invention;

FIG. 7 1s a cross sectional view of side walls formed by
dry etching after removal of the silicon nitride layer and
deposition of phosphorus injected poly-silicon according to
t
{

he method of manufacturing the semiconductor device of
he first embodiment of the present invention;

FIG. 8 1s a cross sectional view of word lines and gate
clectrodes formed according to the method of manufacturing
the semiconductor device of the second embodiment of the

present mvention;

FIG. 9 1s a cross sectional view of a nonvolatile semi-
conductor memory device according to the third embodi-
ment of the present invention;

FIG. 10 1s a cross sectional view showing a step of a
method of manufacturing the nonvolatile semiconductor
memory device of the third embodiment of the present
invention;

FIG. 11 1s a cross sectional view showing a step of the
method of manufacturing the nonvolatile semiconductor
memory device of the third embodiment of the present
mvention;

FIG. 12 1s a cross sectional view of a discontinuous region
of the silicon nitride layer filled with a silicon oxide layer for
forming the area interrupting the electron migration accord-
ing to the method of manufacturing the nonvolatile semi-
conductor memory device of the third embodiment of the
present invention;

FIG. 13 1s a cross sectional view of a conventional
semiconductor device; and

FIG. 14A 1s a view explaining the writing Bit A 1n the
semiconductor device shown 1in FIG. 13 and FIG. 14B 1s a
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view explaining the writing Bit B 1n the semiconductor
device shown 1n FIG. 13.

DETAILED DESCRIPTION OF THE
INVENTION

A semiconductor device according to the present mnven-
fion has an area interrupting the electron migration arranged
in a channel region of a silicon nitride layer, which 1s a
member of a gate insulating layer, above an intermediate
between the drain and the source for interrupting the elec-
tron migration. The area mterrupting the electron migration
may be a hydrogen 1on 1njected region by implanting or a
fluorine 10n 1njected region by implanting. The 10n 1njected
region 1s not limited to those but may be an oxygen 1on
injected region by implanting. Alternatively, the area inter-
rupting the electron migration may be a discontinuous
region of the silicon nitride layer in the insulating layer
which 1s filled with a silicon oxide layer. In the semicon-
ductor device of the present invention, as the silicon nitride
layer 1n the gate insulating layer has the area interrupting the
clectron migration, electrons trapped in the silicon nitride
layer directly above the drain or the source can hardly
migrate from one to another location. Accordingly, bit data
stored will remain securely held without being lost.

A conventional semiconductor device 1s disclosed 1n
Japanese Laid-Open Patent Publication No. 11-40803 where
the gate mnsulating layer including a silicon oxide layer or a
silicon nitride layer contains 10°° to 10°' per cubic centi-
meter of halogen atoms. The halogen atoms are implanted
throughout the gate insulating layer for improving the resis-
tance to insulation fracture of the gate msulating layer. When
the halogen atoms are implanted throughout the gate 1nsu-
lating layer, electrons introduced for storage of data may be
trapped with much difficulty. Accordingly, the storing data
will be distressed or time-consumable. The conventional
semiconductor device 1s not an NROM {for storage of data 1n
the gate 1nsulating layers directly on the drain and the
source. The present invention 1s intended to eliminate the
disadvantage of a typical NROM that the electron migration
from the drain or the source results 1n the loss of data. The
semiconductor device of the present invention has an area
mterrupting the electron migration arranged i1n a particular
region of the gate insulating layer not directly on but
between the drain and the source where data are stored, thus
inhibiting the electron migration between the drain and the
Source.

A semiconductor device according to the first embodi-
ment of the present invention has a hydrogen 1on injected
region arranged including a channel in the silicon nitride
layer, which 1s a member of a gate insulating layer, as
located above the intermediate between the drain and the
source. The hydrogen 10on injected region acts as an area
interrupting the electron migration for interrupting the elec-
tron migration, hence causing electrons trapped 1n two areas
of the silicon nitride layer above the drain and the source
respectively to hardly migrate. As a result, bit data stored 1n
the drain and the source can stay without being lost.

More particularly, the semiconductor device of this
embodiment has, as shown 1n the cross sectional view of
FIG. 1, a hydrogen 1on injected region 14 arranged as an area
mterrupting the electron migration including a channel 1n a
silicon nitride layer 3, which 1s a member of a gate mnsulating
layer §, as located above the intermediate between a drain 7
and a source 8, which contains substantially 2x10°" per
cubic centimeter of hydrogen ions 17. The channel of the
silicon nitride layer may be injected with not only hydrogen
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ions but also fluorine 10ns, oxygen 10ns, or any appropriate
ions. The ion concentration may preferably range from 10'°
to 10*° per cubic centimeter. As a whole, the semiconductor
device has an NROM structure including an n™ diffused
layer of the drain 7 and an n™ diffused layer of the source 8
formed 1n an upper area of a silicon substrate 1 1s preferably
of p type. The gate insulating layer 5 1s formed over and
between the drain 7 and the source 8. As a gate electrode 1s
formed on the gate insulating layer 5, the arrangement
incorporates a memory transistor. Isolating oxide layers
(LOCOS) 6 are formed over the drain 7 and the source 8
respectively. A silicon oxide layer 13 1s formed on each
1solating oxide layer 6 for disconnecting the gate mnsulating

layer § 1n the memory transistor.

The gate insulating layer 5 has a multi-layer (ONO)
structure including a silicon oxide layer 2, a silicon nitride
layer 3, and another silicon oxide layer 4. The silicon nitride
layer 3 includes the hydrogen 1on injected region 14 located
in the center of the channel between the dramn 7 and the
source 8. The gate electrode includes a word line 12 and side

walls 11.

The 1solating oxide layers 6 are formed by a LOCOS
technique with thermal oxidation, but not limited to, and
may be replaced by a trench isolation. Any other 1solating
oxide layer may be employed.

The method of manufacturing the semiconductor device
of this embodiment will be described. The method starts
with forming a silicon oxide layer 2 of 6 nm thick on a
silicon substrate 1 by a thermal oxidation technique, such as
oxidation with steam at 850° C. Using a Low Pressure CVD
technique with S1H,Cl, gas and NH; gas, a silicon nitride
layer 3 of 10 nm thick 1s formed on the silicon oxide layer
2. Also, using the Low Pressure CVD technique with
S1H,Cl, gas and N,O gas, a silicon oxide layer 4 of 6 nm
thick 1s formed on the silicon nitride layer 3. A combination
of the silicon oxide layer 2, the silicon nitride layer 3, and
the silicon oxide layer 4 constitutes an isulating layer 3.
Then, using the Low Pressure CVD technique with S1H,Cl,
gas and NH, gas, a silicon nitride layer 9 of 300 nm thick
is formed on the silicon oxide layer 4 (FIG. 2).

This 1s followed by photo-lithographically patterning the
silicon nitride layer 9 and etching the silicon oxide layer 2,
the silicon nitride layer 3, and the silicon oxide layer 4 of the
insulating layer 5 to form a stripe pattern of apertures by
making use of the patterned silicon nitride layer 9 as a mask
layer (FIG. 3). Arsenic ions at 2x10' cm™ are injected
through the apertures into the silicon substrate 1 by 1on
implantation to form injected regions. Then, the silicon
substrate 1s heated up through the apertures to form 1solating
oxide layers (LOCOS) 6. During the thermal oxidation, the
arsenic 1ons 1n the 1njected regions are activated to form a
drain 7 and a source 8 of n+ diffused layer under the isolating
oxide layers 6 in an upper region of the silicon substrate
(FIG. 4). Using the Low Pressure CVD, a silicon oxide layer
10 of 400 nm thick 1s formed to fill up the apertures (FIG.
S). The silicon oxide layer 10 is then planarized by a
chemical mechanical polishing (hereinafter referred to as
CMP) technique and etched back by dry etching so that its
desired portions 13 are left static (FIG. 6). Then, the silicon
nitride layer 9 1s removed using heated phosphoric acid. A
phosphorus 1njected poly-silicon layer 1s formed to a thick-
ness of 400 nm by the Low Pressure CVD and then dry
ctched to form side walls 11 about the silicon oxide layer 13
on the isolating oxide layers 6 (FIG. 7). While the silicon
oxide layers 13 and the side walls 11 are being masked, the
silicon nitride layer 3 1s injected at i1ts exposed region
between the drain 7 and the source 8 with hydrogen 1ons at
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2x10" cm™ using the ion implantation technique. As a
result, 2x10*" per cubic centimeter of the hydrogen ions 17
are 1mplanted 1n the exposed region of the silicon nitride
layer 3 which thus forms a hydrogen 1on injected region 14.
The 10on concentration in the silicon nitride layer may
preferably range from 10'® to 10> per cubic centimeter.

This 1s followed by forming a 200-nm thick phosphorus
injected poly-silicon layer using the Low Pressure CVD.
When the phosphorus injected poly-silicon layer 1s photo-

lithographically patterned and etched, a word line 12 1is
formed. Then, by heat treatment at 850° C., phosphorus ions
in the phosphorus 1njected poly-silicon layer of the word line
12 and the side walls 11 are activated. As a result, the word
line 12 and the side walls 11 constitute a gate electrode (FIG.
8).

In those steps, the semiconductor device of a memory
transistor 1s fabricated which includes the drain 7 and the
source 8 formed 1n the upper region of the semiconductor
substrate 1, the insulating layer 5 formed on and between the
drain 7 and the source 8, and the gate electrode formed on
the insulating layer 5. The semiconductor device has the
hydrogen 1on 1njected region 14 arranged 1 the insulating
layer between the drain 7 and the source 8 for interrupting
the electron migration.

According to the method of manufacturing the semicon-
ductor device, the region of the gate mnsulating layer § where
the hydrogen 1ons 17 are injected i1s determined as an
exposed area at substantially the center between the two side
walls 11, each located about the silicon oxide layer on the
1solating oxide layers 6. In case that the hydrogen 1on
injected region 14 1s formed by patterning after the removal
of the silicon nitride layer 9 without the forming the side
walls 11, 1ts position may be shid from the channel center.
This results from a masking positional error in the patterning
process. If the hydrogen 10n 1njected region 14 1n the silicon
nitride layer 3 1s formed just above the drain 7 or the source
8, the trapping of hot electrons will extremely be ditficult
thus declining the speed of writing. The method of manu-
facturing the semiconductor device thus allows the silicon
oxide layer 13 to be formed on the oxidation 1solating layer
6 betfore the silicon nitride layer 9 1s removed out. As the two
side walls 11 are formed about the corresponding silicon
oxide layers 13 after the removal of the silicon nitride layer
9, the center 1n the channel between the two side walls 11
can accurately be i1dentified and exposed for forming the
hydrogen 1on 1njected region 14. For this reason, the forming
of the side walls 11 1s most preferable.

The semiconductor device of this embodiment allows the
silicon nitride layers 3 just above the drain 7 and the source
8 to hold data stably due to the following advantageous
elfect. In general, charges trapped 1n the silicon nitride layer
3 above the drain are considered to be held at its trapping
level. When the charges trapped are thermally activated,
they may be hopped in mechanism from the trapping level
to another vacant level 1n the horizontally continuous silicon
nitride layer 3 where no electrons are trapped. It 1s supposed
in the semiconductor device that the hydrogen 1ons
implanted 1n the region of the silicon nitride layer 3 are
coupled to a dangling bond by heat treatment thus declining
the trapping level in the silicon nitride layer 3. The
implanted 1ons may inhibit the electrons trapped in the
silicon nitride layer 3 above the drain 7 from migrating to the
source 8. Similarly, electrons trapped 1n the silicon nitride
layer 3 just above the source 8 can be inhibited from
migrating to the drain 7. Accordingly, bit data stored in the
drain and the source will remain securely held without being
lost.
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The writing data into the nonvolatile memory 1s now
explained. The nonvolatile semiconductor memory device
as a memory transistor 1s operated 1n two modes where data
1s stored 1n the form of charges trapped 1n the silicon nitride
layer 3 above the drain 7 (the memory of Bit A) and in the
silicon nitride layer 3 above the source 8 (the memory of Bit
B). The writing of Bit A is first explained. It is assumed that
the silicon substrate 1 1s grounded. For writing of Bit A, the
drain 7, while the source 8, and the gate electrode are fed
with 5 V, 0 V, and 10 V respectively, channel hot electrons
are 1njected 1nto the silicon nitride layer 3 above the drain 7.
More specifically, the electrons are trapped at the trapping
level 1n the silicon nitride layer 3. This action 1s defined as
the writing of Bit A.

The writing of Bit B 1s then explained. For writing of Bit
B, while the drain 7, the source 8, and the gate electrode are
fed with O V, 5 V, and 10 V respectively with the silicon
substrate 1 bemg grounded, channel hot electrons are
injected into the silicon nitride layer 3 above the source 8.
More specifically, the electrons are trapped at the trapping
level 1n the silicon nitride layer 3. This action 1s referred as
the writing of Bit B.

The reading data from the nonvolatile semiconductor
memory device 1s explained. For reading Bit A, while the
drain 7, the source 8, and the gate electrode are fed with O
V, 2 V, and 4 V respectively, the silicon substrate 1 is
orounded. As a result, a depletion layer 1s generated adjacent
to the source 8. This can minimize the effect of electrons
trapped in the silicon nitride layer 3 above the source 8 over
the threshold of the transistor. In other words, the electrons
trapped 1n the silicon nitride layer 3 above the drain 7 can act
on the threshold of the transistor. While the electrons are
trapped 1n the silicon nitride layer 3 above the drain 7, the
threshold of Bit A remains high. It is then defined that the
high state of the threshold represents “1” of a binary level.
When no electrons are trapped in the silicon nitride layer 3
above the drain 7, the threshold of Bit A remains low. The
low state of the threshold is then referred to as “0” of binary
level.

For reading Bit B, the drain 7, the source 8, and the gate
clectrode are fed with 2 V, 0V, and 4 V respectively and the
silicon substrate 1 1s grounded. The two logic states “1” and
“0” of Bit B are determined by the same manner for Bit A.

The erasing data 1s now explained. For erasing data of Bit
A, while the silicon substrate 1 1s grounded, the drain 7, the
source 8, and the gate electrode are fed with 6 V, 0 V, and
-4 V respectively. Also, interband tunneling inductive hot
holes are injected mto the drain area. As the holes are
injected to the silicon nitride layer 3, they are coupled with
charges trapped therein hence eliminating the negative
charges. This action involves erasing of Bit A.

For erasing data of Bit B, while the silicon substrate 1 1s
orounded, the drain 7, the source 8, and the gate electrode
are fed with 0 V, 6 V, and -4 V respectively. Accordingly,
data of Bit B 1s erased by the same theory as of Bit A.

The nonvolatile semiconductor memory device has the
hydrogen 1on imjected region 14 arranged in the silicon
nitride layer 3 of the gate insulating layer § for interrupting
the electron migration. This region will 1inhibit the charges
from migrating across the hydrogen 1on 1njected region 14,
hence permitting data of both Bit A and Bit B to remain

securely held without being lost.

Anonvolatile semiconductor memory device according to
the second embodiment of the present invention has a
fluorine 10on injected region arranged 1n an intermediate
between the drain and the source of a silicon nitride layer
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which 1s a member of a gate insulating layer. As the fluorine
1on 1njected region acts as an electron migration interrupting
zone for interrupting the electron migration, the electrons
trapped 1n the silicon nitride layers above the drain and the
source respectively can hardly migrate from one to another
location. Accordingly, bit data stored in the drain and the
source will remain securely held without being lost.

More particularly, the semiconductor device of this
embodiment differs from the nonvolatile semiconductor
memory device of the first embodiment in that the area
interrupting the electron migration 1s the fluorine ion
injected region 14. As a whole, the semiconductor device
includes a drain 7 of n™* diffused layer and a source 8 of n™
diffused layer both formed 1n an upper region of a silicon
substrate 1. A gate insulating layer 5 i1s formed over and
between the drain 7 and the source 8. As a gate electrode
including a word line 12 and side walls 11 1s formed on the
gate 1nsulating layer 5, the arrangement incorporates a
memory transistor. Also, isolating oxide layers (LOCOS) 6
are formed on the drain 7 and the source 8 respectively. A
silicon oxide layer 13 1s formed on each 1solating oxide layer
6 to disconnect the gate insulating layer § in the memory
fransistor.

A method of manufacturing the semiconductor device of
this embodiment will now be described. This method of
manufacturing the semiconductor device differs from the
method of manufacturing the semiconductor memory device
of the first embodiment 1n that the silicon nitride layer 3 in
the gate insulating layer § has a fluorine 1on 1njected region
15 arranged therein as the electron migration interruption
arca which 1s 1njected with fluorine 10ns not hydrogen 1ons.

In practice, side walls 11 are formed by the same manner
as of the first embodiment. Then, while the silicon oxide
layers 13 and the side walls 11 are being masked, the silicon
nitride layer 3 is injected with fluorine ions at 2x10*° cm™
using the ion implantation technique. As a result, 2x10>" per
cubic centimeter of the fluorine 1ons are 1mplanted 1n an
exposed region of the silicon nitride layer 3 which thus turns
to the fluorine 10n 1njected region 15 as the electron migra-
tion interruption area. Similar to the method of the first
embodiment, a 200-nm thick phosphorus injected poly-
silicon layer 1s formed using the Low Pressure CVD. When
the phosphorus injected poly-silicon layer i1s photo-
lithographically patterned and etched, a word line 12 1is
formed. Then, by heat treatment at 850° C., phosphorus ions
in the phosphorus injected poly-silicon layer of the word line
12 and the side walls 11 are activated. As a result, the word
line 12 and the side walls 11 constitute a gate electrode.

In those steps, the semiconductor device with a memory
transistor 1s manufactured which includes the drain 7 and the
source 8 formed 1n the upper region of the semiconductor
substrate 1, the insulating layer 5 formed on and between the
drain 7 and the source 8, and the gate electrode consisting of
the word line 12 and the side walls 11 formed on the
insulating layer 5. The semiconductor device of this embodi-
ment has the fluorine 10n 1jected region 15 arranged 1n the
portion of the silicon nitride layer 3, which acts as an
insulating layer between the drain 7 and the source 8, for
interrupting the electron migration.

It 1s supposed 1n the semiconductor device that the
fluorine 1ons 1mplanted 1n the region of the silicon nitride
layer 3 are coupled to a dangling bond by heat treatment thus
declining the trapping level in the silicon nitride layer 3. The
implanted 1ons may inhibit the electrons trapped in the
silicon nitride layer 3 above the drain 7 from migrating to the
source 8. Similarly, electrons trapped 1n the silicon nitride
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layer 3 just above the source 8 can be inhibited from
migrating to the drain 7. Accordingly, bit data stored 1n the
drain and the source will remain securely held without being
lost.

A semiconductor device according to the third embodi-
ment of the present invention has a discontinuous region
arranged by the isertion of a silicon oxide layer at an
intermediate of the silicon nitride layer, which forms a gate
insulating layer, between the drain and the source. As the
discontinuous region of the silicon nitride layer acts as an
clectron migration interruption arca for interrupting the
clectron migration, electrons trapped in the silicon nitride
layers located just above the drain and the source respec-
tively can be 1nhibited from migrating. Accordingly, bit data
stored in the drain and the source will remain securely held
without being lost.

More specifically, the semiconductor device of this
embodiment differs from the nonvolatile semiconductor
memory device of the first embodiment 1n that the electron
migration interruption area is the discontinuous region of the
silicon nitride layer 3 implemented by the insertion of a
silicon oxide layer 16, as shown in FIG. 9. As a whole, the
semiconductor device of this embodiment includes a drain 7
of n+ diffused layer and a source 8 of n+ diffused layer both
formed 1n an upper region of a silicon substrate 1. A gate
insulating layer 5 1s formed over and between the drain 7 and
the source 8. As a gate electrode including a word line 12
and side walls 11 are formed on the gate msulating layer 5,
the arrangement incorporates a memory transistor. Also,
isolating oxide layers (LOCOS) 6 are formed directly on the
drain 7 and the source 8 respectively. A silicon oxide layer
13 1s formed on each isolating oxide layer 6 to disconnect
the gate msulating layer 5 1n the memory transistor.

A method of manufacturing the semiconductor device of
this embodiment will now be described referring to the
relevant drawings. This method of manufacturing the semi-
conductor device differs from the method of manufacturing
the semiconductor memory device of the first embodiment
in that the electron migration interruption area 1s a discon-
tinuous region of the silicon nitride layer 3 which 1s formed
by etching a portion of the silicon nitride layer 3 to have a
recess which 1s then filled with a silicon oxide layer 16.

In practice, side walls 11 are formed by the same manner
as of the first embodiment (FIG. 7). Then, while being
masked with the silicon oxide layers 13 and the side walls
11, the silicon oxide layer 4 1s partially removed by dry
ctching. In addition, the silicon nitride layer 3 1s partially
removed by dry etching (FIG. 10). Then, the silicon oxide
layer 16 1s formed to a thickness of 300 nm using the Low
Pressure CVD (FIG. 11). Most of the silicon oxide layer 16
1s then etched back and removed to leave its portion at the
(discontinuous) region where a portion of the silicon nitride
layer 3 1s removed. As a result, the electron migration
interruption area 1s implemented by the discontinuous region
of the silicon nitride layer 3 formed by the insertion of the

silicon oxide layer 16 (FIG. 12). This is followed by the
same steps as those of the method of manufacturing the
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semiconductor device of the first embodiment to complete
the semiconductor device of this embodiment.

This semiconductor device has the silicon nitride layer 3
to be disconnected at the channel center of the transistor
structure. As a result, the migration to the source of electrons
trapped 1n the silicon nitride layer 3 above the drain 7 can be
inhibited. Similarly, the migration to the drain 7 of electrons
trapped 1n the silicon nitride layer 3 above the source 8 can
be 1nhibited. Accordingly, bit data stored in the drain 7 and
the source 8 will remain securely held without being lost.

What 1s claimed 1s:
1. A semiconductor device comprising:

a drain and a source formed in an upper region of a
semiconductor substrate;

an msulating layer formed on the semiconductor substrate
between the drain and the source; and

a gate electrode formed on the 1nsulating layer,

wherein the msulating layer has a multi-layer structure
consisting mainly of a lower silicon oxide layer, and
intermediate silicon nitride layer and an upper silicon
oxide layer, and

wherein the insulating layer has an area comprising a
discontinuous portion 1n the intermediate silicon nitride
layer filled 1n by the upper silicon oxide layer which 1is
arranged between the drain and the source at least on a
channel region for mterrupting the electrode migration
between the 1nsulating layer on the drain and the msulating
layer on the source.

2. A semiconductor device comprising:

a dramn and a source formed in an upper region of a
semiconductor substrate;

an 1msulating layer formed on the semiconductor substrate
between the drain and the source, the insulating layer
having a multi-layer structure of a silicon oxide layer,
a silicon nitride layer, and another silicon oxide layer,
wherein data 1s stored 1n the form of electrons trapped
in the silicon nitride layer either above the drain or
above the source; and

a gate electrode formed on the 1nsulating layer,

wheremn the silicon nitride layer within the insulating
layer has an area, comprising a hydrogen injected
region or a fluorine 1njected region, arranged above a
part of a channel region, the area spaced from both of
the drain and the source, whereby the trapped electrons
can not move through the area in the silicon nitride
layer; and

wheremn the hydrogen injected region or the fluorine
injected region 1s disposed between a first sidewall and
a second sidewall, the first sidewall 1s formed on the
insulating layer and disposed from the insulating layer
to the source, and the second sidewall 1s formed on the

insulating layer and disposed from the insulating layer
to the drain.
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